SOME STUDIES ON THE USE OF ACA ON CORN
I. C. Anderson, Professor of Agronomy, Iowa State University -- ACA. a N fertilizer additive, is now marketed by United Agrt Products of Greeley, Colorado. ACA was developed by Amoco in the mid-1970s. Ortginally, -they developed a soluble form of Zn to market in their anhydrous. The form of Zn was zinc acetate. They noted in some of their tests that at low rates of Zinc acetate they obtained yield increases under conditions where there was no indication from foliar Zn analys~ that soil Zn was inadequate. Zinc acetate in strong ammonia solutions exists as 1 molecule of Zn with 2 molecules of acetate, and in the presence of adequate ammonia, 4 molecules of ammonia hold the zinc carboxylate so that it does not ionize. If the complex is diluted with water to the extent that the complex is not held together, a zinc hydroxide precipitate begins to form. Upon further dilution, Zn comes back into solution as the ion. I believe that using ACA in a manner which maintains the zinc acetate ammonia complex is essential for ACA actMty.
At recommended rates of ACA the product supplies about 50 grams of Zn and 100 granis of acetate per acre. This level of Zn is ten times less than what would be recommended as a fertilizer nutrient. If Zn is the active ~omponent of ACA it must act in a nonnutrtent mode.
Earlier, I had thought that acetate helped cany Zn through the plant vascular system to marginal mertstems of the plant and at such sites Zn is known to stimulate the production of IAA. a plant hormone which would cause wider leaves and short-fat brace roots; symptoms which ACA sometfrnes causes in com. Now, I do not have any satisfactory ideas about the possible mechanism of action of ACA Actually it is not known whether it is the Zn or the acetate which is the active component. For example, we and another group obtained yield increases from adding acetate (acetic acid) alone to anhydrous. The responses were not as consistent as with ACA but definitely increased grain yield of coni. However, under these highly alkaline conditions in the anhydrous band. the ammonia and acetic acid could solubilize zinc oxide from the soil to form zinc acetate. There is another product sold as an additive to anhydrous ammonia which is magnesium acetate: it is possible that product is converted to zinc acetate in the soil. One of my· students applied many types of acetate as foliar sprays to corn and obtained no yield responses. However, this doesn't prove acetate is not the active component of ACA As mentioned earlier. I believe that ACA has to be protected from excessive dilution and from soil microorganism, which would consume the acetate. The anhydrous band should protect the ACA and maintain the ammonia stabilized complex the best of all N fertilizers. We have sprayed ACA on ammonium nitrate granules and other ammonium containing diy fertilizers and obtained responses from ACA Apparently the fertilizer granules have a sufficient salty film to inhibit microbial action on the acetate. We have obtained indications that ACA in UAN sidedressed as a band has ACA activity.
My first experience with ACA was in 1976 when we tested it on 24 farms in Central Iowa. We compared the application of anhydrous with and without ACA In June, about 2 days after a rain when the corn was about waist high, we examined the plant height and root systems at a farm and noted that when we pulled up an ACA treated plant the clump of soil was much larger than those in the-untreated area. We found the same results at three other farms. The two graduate students and I had no doubt that the ACA plants had larger root systems. We picked the plots in 22 of the farm fields and obtained a mean response of 7.5 bushels/ acre from the ACA treatment at the rate of approximately 6 oz/acre.
During the following winter I grew corn seedlings in sand and found larger root systems on treated plants and recently a post-doctoral researcher did the same and found larger root systems. Farmers who use ACA frequently say the root system from treated parts of the field are larger, but in field plots where we measure the force required to pull plants or measure root weights, we have not seen differences between treated and untreated plants. Admittedly, there were no large increase in grain yield in these particular tests.
During the following two years I applied ammonium nitrate granules treated with rates of ACA to corn with a hand-pushed Planter Junior alongside the row and to a depth of about 2 inches. With increasing rates of ACA I got increasing yields of corn up to 15 bushels/acre and then a decline in yield to or below that of the control at higher rates of ACA I also found in these studies that the best time to apply the ACA was between the 2 to 6 leaf stage and ·by the lOth leaf stage there was little response to particularly the low rates of ACA and not much response from the high rates. Table 1 shows the results with ACA obtained in 1980 by one of my graduate students. We applied anhydrous ammonia at a rate of 180 lbs/acre with various rates of ACA. One week after the anhydrous-ACA had been put down in 30 inch bands we planted com approximately over the band (Near) or between the anhydrous bands (Between). And in another part of the experiment we waited to plant corn until the anhydrous-ACA bands were five weeks old. Corn planted one week after anhydrous had maximum yields with 6 oz of ACA and with 12 oz the yield was less. When the com was grown between the anhydrous-ACA bands the response from ACA was less than those near the bands and the best rate of ACA was the 12 oz rate. When the bands had been down for five weeks before planting corn, the best rate of ACA was the 12 oz rate, but the yield response was less than that obtained with the one week delay. There was little response from ACA with the five week delay when corn was planted between bands. Table 2 is a sununary of an experiment conducted in 1979 by another student using the technique in the top one-half of Table 1 . The near and between treatments are averaged. We found in these studies most of the yield response was due to larger ears and more specifically weight per kernel. Table 1 also shows the effect of ACA on width of the ear node leaf after silking.
In 1988 we began studying ACA again. Corn yields were reduced to about 100 bushels\acre due to the drought and heat. We conducted a rather large experiment with rates of ACA in anhydrous with corn planted over, 7.5 and 15· inches from the bands. We saw no effects of ACA even at the high rates which should have been toxic with corn planted over the bands. It was as though the ACA had evaporated. Table 3 shows the results of spraying rates of ACA on ammonium nitrate granules side dressed at three times --planting, 4-leaf and 6-leaf stage. There are some indications that ACA affected grain yield, but the trends were not consistent and far from statistically significant. We had a similar test with ACA in UAN solutions with results similar to those for ammonium nitrate and no response with ACA in 10-34-0 solutions. The field received 150 lbs of N preplant and 60, 48 and 12 lbs ofN per acre with the nitrate, UAN and NP products, respectively. Table 4 shows unanalyzed results from 1989. The field received 150 lbs ofN preplant and we used 60 lbs of N with both the UAN solution and ammonium nitrate granules. Both hybrids appeared to respond to ACA applied at the 3-leaf stage. although the response to ACA rates were not consistent for both hybrids. Some of the yields should be significantly different statistically but the lack of consistent patterns makes interpretation difficult and questionable.
In summary, from our earlier experiments I had no question but that ACA had biological activity. We consistently obtained biological response cuiVes. I did wonder about the best method to apply ACA. When the anhydrous with ACA bands are applied on the diagonal of the field, as is commonly done, some corn plants are over the bands and may get too much ACA whereas others in the middle get too little ACA or get roots to it too late. The best method would be to sidedress the anhydrous with ACA. about six inches from the row at the 4-leaf stage, but there are a number of reasons this is not possible and would have a number of risks.
The small plot results we have obtained during the last two years and similar results of a number of other university researchers causes me to have some doubts. However, I believe that part of the problem is in applying ACA in a manner that it retains its activity and the roots reach it before the 8-10 leaf stage. *Date planted is weeks after ACA-Anhydrous ammonia band had been placed so it would be near the row of corn or between the 30-inch corn rows. The LSD at the 95% confidence level was 6.5 bushels/acre for gram yield and 7.8 grams for ear weight. Means 1n a column followed by the same letter are not significant at the 95% level of confidence. 
